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Abstract: This study focuses on the synthesis of amodiaquine dihydrochloride dihydrate and evaluates the 

performance of a new process against existing methods using several key indicators. The target compounds were 

synthesized successfully through experimental design and data collection, with their quality thoroughly 

assessed. Results indicate that the new process significantly enhances yield, purity, and crystal structure. Also, 

by utilizing highly efficient catalysts and finely tuning reaction conditions, the improvements in yield and purity 

are substantial. The new process not only enhances production efficiency but also significantly reduces waste, 

aligning well with the principles of green chemistry. Additionally, this paper discusses the potential industrial 

application of the new process. Despite facing challenges such as equipment costs, scale-up, and market 

acceptance in its industrialization, the new process's superior performance and promising prospects provide a 

strong foundation for its future implementation.
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1. Introduction

Malaria, an ancient disease caused by Plasmodium parasites, remains a major global health threat. Despite 

substantial progress in malaria control and prevention over recent decades, millions of people still contract the 

disease annually, primarily in sub-Saharan Africa [1]. In these developing countries, malaria is not only a major 

public health issue, but also a significant impediment to economic development [2]. During outbreaks, a large 

portion of the labor force loses productivity due to illness, medical resources become scarce, and social and 

economic progress is hindered [3]. Additionally, the potential expansion of malaria's geographical range due to 

global warming, coupled with the emergence of drug-resistant strains of the parasite, complicates efforts to 

control the disease further [4]. Therefore, the global battle against malaria still faces significant hurdles.

Amodiaquine, a quinolone derivative, is extensively used as an anti-malarial medication due to its potent 

efficacy and special pharmacological properties, including the inhibition of malaria DNA replication and 

transcription. Its long half-life promotes prolonged activity, enabling less frequent dosing and improved 

adherence to treatment. Among its forms, amodiaquine dihydrate is particularly valued for its excellent stability 

and bioavailability, which are crucial in resource-limited settings.

However, current manufacturing methods for amodiaquine dihydrate present significant drawbacks, 

including inefficiency, high costs, and environmental pollution. These issues not only hamper the production and 
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utilization of amodiaquine but also exacerbate the global imbalance in anti-malarial drug availability. ls in the 

world [5]. The purpose of this research is to develop a novel, efficient, and environmentally friendly technology 

for producing chloroquine dihydrate. By enhancing production output, reducing costs, and improving the 

availability of drugs, it is anticipated that this initiative will bolster the global fight against malaria.

2. Literature Review

2.1. Development History and Research Status of Amodiaquine

Since its introduction as an effective anti-malarial medication, amodiaquine has gained widespread 

popularity globally. Initial research focused on its pharmacology and efficacy evaluation. As understanding of its 

mechanism has improved, the application of amodiaquine has expanded to include both the prevention and 

management of malaria infections. It can be administered either as a monotherapy or in combination with other 

antimalarials, enhancing its effectiveness and delaying resistance development [6].

The optimization of communication networks and the expansion of digital platforms have significantly 

facilitated the development of remote consultation technologies, providing effective means to train local 

healthcare workers on the latest malaria treatment protocols [7–9]. This technological advancement not only 

enhances the accessibility of treatments but also improves the efficiency and responsiveness of malaria control 

efforts. Additionally, recent advancements in molecular biology, particularly in the study of lipid metabolism, 

have offered new strategies for the development of antimalarial drugs [10 – 12]. By targeting the critical 

metabolic pathways of malaria parasites, these studies hold potential for the development of more effective 

therapeutic agents [13–15]. Concurrently, machine learning technologies, especially the application of Extreme 

Gradient Boosting Decision Trees (XGBoost), have been employed to enhance the accuracy of malaria 

diagnostic tools [16,17]. This precision measurement technology not only increases diagnostic accuracy but also 

reduces costs, making malaria detection more widespread and economically feasible [18,19]. The integration of 

these technologies marks a significant improvement in malaria treatment methods, demonstrating how modern 

science plays a crucial role in addressing global health challenges. Machine learning can be effectively 

integrated into malaria treatment, particularly through the lens of sentiment analysis to understand patient needs 

and responses in regions with language barriers [20 – 22]. Moreover, the advantage of machine learning in 

processing large-scale data has been demonstrated in multiple fields, such as structural health monitoring and 

automated condition assessment [23 – 25]. These achievements offer a new perspective and robust technical 

support for its application in the development of malaria drugs [26–28].

In recent years, significant efforts have been made to improve the efficacy and minimize side effects of 

AICAM. For example. researchers are trying to address the increasing issue of resistance by using combination 

therapies with other drugs. Additionally, with the development of new technologies like nano and drug delivery 

systems, the research of new antimalarials has become a hot topic recently [29] (As shown in Table 1).

2.2. Existing Preparation Processes and Their Advantages & Drawbacks

The main methods for the preparation of amodiaquine dihydrochloride dihydrate include chemical synthesis, 

Table 1.　Recrystallization of Crude 4,7-Dichloroquinoline (5).

Entry

1

2

3

4

5

6

Solvent

hexane

heptane

EtOH

EtOH/H2O

MeOH

MeOH/H2O

Yield (%)

65

67

56

75

60

73

Purity by GC (%)

99.5

99.5

99.5

90

99.5

86
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biosynthesis, and semi-synthesis [30]. Although these methods are proven at a laboratory scale, they encounter 

several challenges when scaled up for industrial production. Chemical synthesis offers clear, controllable steps, 

yet it is hindered by the high cost of raw materials and significant environmental pollution [31]. Biosynthesis, 

utilizing microorganisms or plant cells for fermentation, offers a broad range of raw materials and is 

environmentally benign. However, it suffers from complex production processes, lengthy production cycles, and 

unpredictable yields [32]. Semi-synthetic methods combine chemical synthesis and biological transformation, 

balancing cost and environmental factors to a certain extent, but the technical requirements are high and involve 

complex processes [33]. In industrial production, these processes have a certain feasibility, but face many 

challenges such as availability and cost of raw materials, stringent reaction conditions, equipment limitations, 

and environmental and safety concerns during production. Therefore, selecting the most suitable production 

method requires careful consideration of these specific factors.

2.3. Research Progress and Trends in New Preparation Processes

With advancements in technology and preparation methods, the development of new processes for 

amodiaquine dihydrate has made significant progress. Researchers are dedicated to enhancing the existing 

procedures by optimizing reaction conditions, upgrading equipment performance, and integrating innovative 

technologies [34,35]. These efforts aim to increase production efficiency and reduce costs. Additionally, ongoing 

exploration of new synthetic pathways and reaction mechanisms is crucial for developing more efficient and 

environmentally friendly preparation processes [36].

In the future, the focus of developing new preparation processes will shift towards green environmental 

protection and sustainability (As shown in Figure 1). Utilizing renewable resources and devising processes with 

low energy consumption and emissions will be key areas for research [37]. Concurrently, advancements in 

intelligent and automated technologies will enhance the efficiency, safety, and controllability of these new 

preparation processes. Additionally, interdisciplinary collaboration with fields such as nanotechnology and 

biotechnology will present both innovative opportunities and challenges for their development.

3. Experimental materials and methods

3.1. Experimental Materials

The objective of this experiment is to synthesize amodiaquine dihydrochloride dihydrate. The primary 

reagents employed include 4, 7-dichloroquinoline piperazine, potassium carbonate, isopropanol, 1, 3-

dibromopropane, industrial ethanol, hydrochloric acid, along with other essential organic solvents and catalysts 

(As shown in Table 2). Auxiliary materials required comprise filter paper or filter membrane, crystallizing 

vessels, and drying equipment.

Figure 1.　Fractional precipitation flow diagram consisting of (a) hydrolysis with NaOH; (b) neutralization; (c) 
filtration; and (d) slurry-wash at pH 4. (CQ-chloroquinoline acid).
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3.2. Experimental Methods

4, 7-dichloroquinoline, piperazine and potassium carbonate were combined with isopropyl alcohol. The 

procedure commenced with a 36-hour hot reflux reaction to ensure completion of the reaction. Subsequently, the 

solvent was removed via vaporization, and the organic layer was extracted with methylene chloride. Following 

further processing of the organic layer, crude side-chain compounds were obtained. These compounds were then 

subjected to crystallization under controlled conditions, including temperature and agitating speed. Filtration, 

drying, grinding and sieving of the crystals were conducted to attain small side-chain compounds with the 

desired grain size.

The precise control of temperature and pH is crucial in the process of forming the crude salt of amodiaquine 

through the reaction of refined side chains with acid. In this experiment, hydrochloric acid was employed for the 

preparation of amodiaquine, and its purity was enhanced through repeated crystallization. The final product 

underwent crystallization, filtration, and drying processes, successfully passing rigorous quality and stability 

inspections, thereby confirming its safety and efficacy. To maintain product quality, it is recommended to store 

the experimental product in a cool, dry, and well-ventilated area, away from sunlight and high temperatures, and 

to conduct regular inspections and record-keeping throughout the validity period.

4. Experimental Results

The purity and crystalline structure of the product have a significant impact on the stability and durability of 

drugs, serving as crucial indicators for evaluating drug quality and efficacy. Therefore, this experiment not only 

successfully synthesized Amodiaquine Dihydrate but also conducted purity testing of the product using High-

Performance Liquid Chromatography (HPLC) and examined the crystalline structure of the product using X-

Ray Diffraction (XRD). These analyses confirm that the synthetic technology proposed in this study not only 

yields products with excellent crystalline structures but also reduces production costs and enhances productivity. 

Moreover, the production process exhibits low toxicity and minimal side effects, indicating substantial potential 

for application.

Furthermore, FGC-DM-N outperforms FCC in terms of yield, purity, crystalline structure and technological 

parameters. However, beyond a certain point, cleanliness begins to decline. It was concluded that an optimum 

balance is necessary to guarantee both production and purity. Likewise, it has been discovered that optimizing 

the blending rate can significantly affect the product’s quality and performance. By adjusting the mixing ratio, 

both grain diameter and thermal conduction are increased, leading to improvements in productivity and quality.

5. Discussion

Compared to existing methods, the new synthesis process for amodiaquine dihydrate introduced in this 

paper demonstrates significant advancements in several key metrics. First, the yield has increased up to 85% 

through the optimization of key components, the use of highly efficient catalysts, and precise control of reaction 

conditions. Second, purity has been enhanced to 98%. The new process effectively removes impurities and by-

products, reducing potential side effects and enhancing the therapeutic efficacy of the drug. Third, the crystal 

Table 2.　Reaction Conditions for the Synthesis of Amodiaquine Dihydrochloride Dihydrate (3).

Entry

1

2

3

4

5

Hydrolysis Conditions

20% HCl, 80 °C, 4h

32% HCl (9 mL), H2O (9 mL), EtOH (7.4 
mL), 3h

32% HCl (9 mL), H2O (9 mL), IPA (7.4 mL), 80 °
C, 2.5h

32% HCl (5 mL), H2O (5 mL), 80 °C, 5h

32% HCl, 80–85 °C, 4h, H2O

Substitution Conditions

EtOH, 24h, 78 °C

3h, 78 °C

2h, 80 °C

15h, 80 °C

3h, 80–85 °C

Yield (%)

43

10

58

53

90
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structure is more stable. This stability not only extends the product's lifespan but also minimizes the loss of 

physical and chemical properties during storage and transportation. Fourth, the process is environmentally 

friendly, aligning with the principles of green chemistry. It is also straightforward to operate, which can increase 

productivity and reduce production costs.

Although the new technology has demonstrated excellent performance in many aspects, there remains 

substantial scope for optimization. Future research will focus on several key areas: Firstly, the use of catalysts 

will be optimized to reduce production costs and minimize their environmental impact. Secondly, the 

exploration of recycling and reuse technologies will aim to lessen the negative environmental effects of both the 

production process and its by-products. Finally, it is essential to strengthen collaborations with relevant industry 

partners and the academic community. This effort will not only involve integrating advanced equipment and 

new technologies but also assembling a professional team to conduct comprehensive scientific assessments of 

both the optimization processes and market investment decisions. This approach will provide solid support for 

market expansion and technological refinement.
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